. The lack of internal chloroplast membrane development and lack of differentiation of a palisade parenchyma suggests that the photosynthetic capacity of these plantlets may be lower than noncultured plants. In addition, plantlets are generally grown with media supplemented with sucrose. Of question is whether cultured plantlets are totally heterotrophic, photoautotrophic, or photomixotrophic. Also of question is whether the low light intensities prevalent in most culture systems is limiting in terms of chloroplast differentiation and photosynthetic capacity. It is well known that photosynthetic characteristics of plants are influenced by the light climate in which they are grown (1, 19, 28) . Information concerning photosynthesis in culture and the effects of modifying in vitro environmental conditions can be utilized towards developing plantlets in culture which are better adapted to field survival. The objectives of this study are (a) to evaluate the photosynthetic capacity of tissue cultured and noncultured plants in terms of CO2 fixation, pigment content, and chloroplast ultrastructure and (b) to assess the effects of quantum flux density on leaf chloroplast differentiation in culture.
Tissue culture-derived plants require an acclimatization period during the transition from culture to field or greenhouse conditions. The acclimatization process usually consists of placement in high humidity conditions (under mist or humidifiers), with a gradual decrease of humidity and increase in light intensity over time. Although some plants have no problem during hardeningoff, significant losses are often incurred in some species (27) .
High mortality and increased crop time needed for acclimatization economically limit the use of in vitro techniques for propagation purposes in some species, particularly woody plants.
Causes for plantlet mortality are partially due to water stress affects. Tissue culture plantlets have a divergent anatomy compared to noncultured plants which includes reduced quantities of epicuticular wax (10, 12) , reduced cuticular development (26) , extensive intercellular spaces (3, 13, 26) , and stomata which are raised, larger, of higher density (27) , and with reduced stomatal closure (2).
In addition to water stress affects, photosynthetic factors may ' Supported in part, by Department of Energy contract 7860-X02, and by State and Hatch funds allocated to the Georgia Experiment Station. play a role in plantlet acclimatization and survival. Cultured plantlets of Brassica oleraceae had lower Chl levels, Hill activity, and CO2 fixation than noncultured plants (13) . This poor development of the photosynthetic system in culture was cited as a major factor in transplant vulnerability. Red 
MATERIALS AND METHODS
Liquidambar styraciflua L., sweetgum, was aseptically cultured from adventitious shoots initiated from hypocotyl segments of 1-month-old seedlings, using methods previously described (23, 24 
RESULTS
Net Photosynthesis. Seedlings grown at the lowest quantum flux density (50 ± 5 ME m-2 s-') saturated at the lowest intensity, and had the lowest maximum Pn rate ( Fig. 1 ; Table I ). Conversely, seedlings grown at the highest quantum flux density (315 ± 15 ME m 2 s-') had the highest maximum Pn rate. Light saturation points were approximately 250, 160, and 110 ME m-2 s-' for seedlings treated with high, medium, and low light, respectively.
Photosynthesis of in vitro grown plantlets was light saturated in the region of 350 to 450 ME m-2 s-' (Fig. 1) . Contrary to that of seedlings, plantlets preconditioned in medium light attained the highest Pn rates, while high and low light-grown plantlet rates were the same (Table I ). The Pn of cultured plantlets was higher than noncultured seedlings regardless of light pretreatment.
Chlorophyll. The total amount of Chl in low light-pretreated seedlings and plantlets was significantly greater than higher light pretreatments (Table I) Photosynthetically active radiation ( (Fig. 4) less developed grana (Fig. 7) , having parallel lamellae consisting mainly of three or four appressed thylakoids. Few osmiophilic globules were found.
DISCUSSION
Results ofthis study show that Pn, Chl content, and chloroplast ultrastructure of sweetgum are markedly influenced by light intensity. In noncultured seedlings, maximum Pn rates and light saturation points were greater in leaves developed under higher quantum fluxes than in lower quantum fluxes. This is consistent with reports between sun and shade leaves (19, 28) .
In terms of chloroplast development, Liquidambar seedling chloroplasts had numerous starch grains. Starch content was positively related to light, with a larger stroma area in chloroplast differentiated under low light. The total Chl per unit leaf area was significantly higher in low versus higher light levels. Our results with sweetgum agree with sun-shade differences found in other species. Chloroplasts of shade plants are generally larger, have higher total Chl levels, a greater proportion of Chl b to Chl a, smaller starch granules and differentiated grana with more grana per plastid than high light chloroplasts (19) .
Plantlet leaves exhibited some of the same characteristics found in noncultured seedling leaves grown under different light levels. Leaf thickness and cell density were higher in high and medium light leaves than in low light (N. Lee, unpublished data), and the Chl content per leaf area basis was greater in low light than high light leaves. However, low light plantlet chloroplast membranes were not differentiated into granal stacks, and internal membranes were irregularly arranged. This agrees with previous results obtained for sweetgum plantlets differentiated under low light growth room conditions (26) . Granal stacks were well developed at the two higher light levels. Photosynthetic rates of plantlets at light saturation also showed different trends than noncultured plants. Net photosynthesis was significantly greater in medium light than high or low light leaves. The greater height and width of grana stacks in high and medium light plantlet leaves, but the decline in photosynthetic rate at high light pretreatment, may be a result of specific damage to light-harvesting pigments without a parallel alternation in anatomy (5, 9).
The present studies with Liquidambar show the existence of clear differences between noncultured seedlings and in vitro developed plantlets in both morphological characteristics and physiological behavior. It is apparent from this study that Pn capacity and chloroplast structure and composition differ considerably between seedlings and plantlets. Plantlets exhibited higher Pn rates, higher total Chl content, fewer starch granules, and variations in chloroplast development even when compared to seedlings grown under corresponding light intensities. The results show that in vitro cultured Liquidambar leaf morphology and the photosynthetic apparatus are affected by factors other than light.
Liquidambar plantlet leaves were found to be devoid of starch granules at all light intensities. In contrast, noncultured leaves had abundant starch and showed increasing starch content with higher light levels. Samples were obtained at the same time of day (0900 h). However, it was not determined if starch accumulation was cyclic, or whether seedlings and cultured plantlets differed in this respect. Chl levels were much higher in cultured versus noncultured leaves even under similar light levels. Excess. chloroplastic starch accumulation has been reported to result in chloroplast degeneration and Chl decrease; large and irregularly shaped starch grains appeared to disrupt normal chloroplast structure under C02-enriched air in tomato and Trifolium (4, 20) . High starch levels and reduced nonstarch chloroplastic areas in noncultured sweetgum levels may contribute to the overall lower Pn rates compared to plantlets in this study. The large starchgrains in Liquidambar seedling leaves and lack of starch in cultures may be a result of a change of light spectra by the glass culture tube, a restricted CO2 concentration within the culture system due to limited gas exchange, or limited root development in the test tube. Alternatively, the availability of a carbon source in the form of sucrose added in the medium, or growth regulators in vitro may be factors (16) . The actual photosynthetic activity under in vitro conditions has not been determined.
Photoautotrophic callus cells and suspension cultures have been successfully established. However, in some cases it has been necessary to select specific cell lines such as highly chlorophyllous cells (15, 18, 29) , and alter culture conditions such as increasing the CO2 level and light intensity (14, 15, 18, 29) . Factors such as growth regulators and the carbohydrate source and level have been reported to affect photosynthetic capacity in culture (6, 16, 18, 22, 29) .
Considerably less information is available concerning photosynthesis of regenerated leaves, shoots, or plantlets. In a study of regenerating plantlets of Brassica oleracea, Grout and Aston ( 1) found that cultures had only very low levels of photosynthesis.
The Chl content of growing cultures was always below that in 4-week plants grown from seed. Cultures could not fix adequate levels of CO2 for autotrophic growth, and eventually died if transferred to medium without a supplemental carbon source. Donnelly and Vidaver (7) compared the gas exchange of red raspberry in vitro and ex vitro. The net CO2 uptake rates of plantlets were only about one-fourth of that of field-control plants. Light conditions in vitro did not affect Pn. However, in their study, the growth conditions of field controls were not described. Evers (8) 
